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Purpose: The purpose of this study was to develop an angioscopic technique to visualize the 
endoluminal surface of the aorta and to guide vascular stent placement. 
Methods: A fiberoptic angioscope, fitted with a balloon at its tip, was passed via a carotid 
arteriotomy into the abdominal aorta of seven anesthetized pigs. Saline solution inflation 
of the balloon allowed for blood displacement and clear visualization of the endoluminal 
anatomy. After the left renal artery orifice had been identified with angioscopy, a catheter 
was inserted via a left femoral sheath to eannulate he orifice trader direct visualization. The 
position of the catheter was verified angiographically. A vascular stent was loaded onto an 
angioplasty balloon, inserted through a right femoral arteriotomy, positioned by use of 
angioscopic visualization, and deployed immediately below the left renal artery orifice. 
Results: The aortic trifurcation and the lumbar and renal artery orifices were clearly 
visualized in every animal. Vascular stents were placed in seven animals within an average 
of 3.14 + 1.14 mm (mean + SEM, range 0 to 8 mm) below the inferior rim of the left 
renal artery orifice. No stents were positioned above a renal artery orifice or obstructed 
blood flow. 
Conclusions: This angioscopic technique permitted etailed evaluation of aortic endolu- 
_minal anatomy and precise implantation of vascular stents. Direct endovascular visual- 
ization may facilitate other endovascular p ocedures, including endovascular g afting. 
(J VASC SURG 1995;21:818-22.) 
The field of  endovascular surgery is rapidly 
developing in this new era of minimally invasive 
surgery. To date, most diagnostic and therapeutic 
endovascular p ocedures have relied on fluoroscopic 
guidance, which provides a two-dimensional, black- 
and-white image devoid of any depth perception 
cues. The development ofan angioscopic method for 
direct endoluminal visualization that provides high- 
resolution color images would be an important 
advance. 
Traditional angioscopy has been limited to use in 
small-caliber vessels in which saline solution irriga- 
tion is used to provide a clear field of  view. Image 
quality varies, and large volumes ofirrigant are often 
required. Angioscopy with saline solution irrigation 
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has been unsuccessful in the heart and great vessels. 1-3 
Gamble and Innis 4 first used a flexible, nondeflectable 
balloon-tipped endoscope for visualization of the 
cardiac hambers and great vessels without horacot- 
omy. Shure et al.5 used a flexible fiberoptic angio- 
scope with a deflectable tip fitted with an inflatable 
balloon to evaluate chronic pulmonary arterial ob- 
struction in human beings. Kuo et al.6 recently 
achieved high-quality visualization of intracardiac 
anatomy by use of  a similar balloon angioscope to 
guide the placement of recording/ablation catheters 
in dogs. This study was undertaken to test the 
feasibility of use of  a balloon angioscope to define 
endoluminal aortic anatomy and to guide the place- 
ment of vascular stents. 
MATERIAL  AND METHODS 
Seven female pigs weighing 45 to 55 kg each were 
sedated with ketamine (20 mg/kg) and placed in a 
supine position. General anesthesia was induced and 
maintained with isoflurane. Animal care complied 
with the "Principles of  Laboratory Animal Care" and 
the Guide for the Care and Use of Laboratory Animals 
(NIH Publication No. 86-23, revised 1985). The left 
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Fig. 1. Balloon angioscope. 
internal jugular vein was isolated for fluid and drug 
administration. The right common carotid artery and 
both femoral arteries were exposed for intraarterial 
cannulation. The animals were anticoagulated with 
intravenous heparin (200 U/kg). A balloon anglo- 
scope was prepared as described by Kuo. 6 Briefly, a 
polyurethane sheath with a latex balloon affixed to 
its tip by adhesive and elastic bands was fitted to 
the deflectable tip of a 3.3 mm fiberoptic endoscope 
(Olympus URF-P; Olympus Corporation, Lake 
Success, N.Y.) (Fig. 1). A syringe fitted with a 
stopcock was used to manually inflate the balloon by 
injection of a small amount (2 to 7 ml) of sterile saline 
solution through the working channel of the anglo- 
scope. The endoscope, sheath, and balloon together 
formed a closed system from which none of the saline 
solution used for balloon inflation escaped into the 
bloodstream. The inflated balloon provided ablood- 
less field of view while in actual or near contact with 
the luminal surfaces of vessels. During angioscopy, 
blood flow was intermittently occluded, either par- 
tially or totally. 
The balloon angioscope was introduced via a 
right carotid arteriotomy and advanced into the 
thoracic aorta trader fluoroscopic guidance. The 
balloon was then inflated, and the angioscope was 
advanced under direct visualization to the aortic 
trifurcation (which consists of the left and right iliac 
arteries and the middle sacral artery). The angioscope 
was withdrawn from the trifurcation, following the 
lumbar orifices to the left renal artery orifice. A 7F 
angiography catheter was inserted over a guidewire 
through the left femoral artery. The left renal orifice 
Fig. 2. In vivo dissection fporcine aorta shows relative 
positions of visceral arterial orifices. 
was cannulated under direct angioscopic visualiza- 
tion. Arteriography was then performed to confirm 
the position of the catheter. A Palmaz stent (P308; 
Johnson & Johnson Interventional Systems Co., 
Warren, N.J.) 30 mm in length and 3.1 mm in diam- 
eter, designed for expansion to a diameter of 12 mm, 
was crimped onto a 9F angioplasty catheter (Med- 
itech DC/12-3/9/100; Boston Scientific, Watertown, 
Mass.). The angioplasty balloon has a 30 mm work- 
ing length and is expandable to a diameter of 12 mm. 
The catheter was passed:from a right femoral arteri- 
otomy into the abdominal aorta. Under direct angio- 
scopic visualization, the leading edge of the crimped 
stent was aligned with the inferior lip of the renal 
orifice, and the angioplasty balloon was inflated, de- 
ploying the stent. The stent was then inspected with 
angioscopy~ and its position was noted. The animal 
was killed with saturated potassium chloride (10 to 
15 ml) given until the animal's heart fibrillated. The 
abdominal aorta w s exposed through a midline ab- 
dominal incision, the renal arteries were identified, 
and the aorta was incised just above the implanted 
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Fig. 3. Endoluminal ngioscopic view of paired lumbar 
orifices on posterior wall of abdominal orta. 
stent o evaluate the position and deployment of the 
stent. Care was taken not to fully mobilize the aorta 
or to displace the stent during dissection and opening 
of the aorta. The distance from the most cephalad 
edge of the stent to the inferior lip of the left renal 
artery orifice was measured in millimeters with 
calipers. In situ aortic dissections (Fig. 2) were 
performed in several animals to delineate the endolu- 
minal aortic anatomy. 
RESULTS 
A clear view of the endoluminal surface of  the 
aorta from the proximal descending thoracic aorta 
(measuring up to 15 mm in diameter) to the aortic 
bifurcation was achieved in all animals. The orifices of 
the lumbar arteries (Fig. 3) were found to be reliable 
anatomic landmarks. In all animals studied, the 
orifice of the left renal artery was located adjacent to 
the third pair of lumbar orifices, counting up from 
the aortic trifurcation. The left renal artery was also 
noted to originate below the level of the right renal 
artery. 
In seven animals, Palmaz stents were placed 
within a mean ( _+ SEM) distance of 3.14 -+ 1.14 mm 
(range 0 to 8 mm) below the orifice of the left renal 
artery (Fig. 4). The first three stents were positioned 
8, 3, and 5 mm (mean 5.33 _+ 1.45) from the left 
renal orifice. During this initial experience it was 
discovered that the angioscope balloon and the 
angioplasty balloon were interfering with each other 
at the time of stent deployment. In the next four 
animals the angioscope was withdrawn slightly 
Fig. 4. Implanted Palmaz stent just inferior to orifice of 
left renal artery (arrow). 
before deployment of the stent, and accuracy of 
placement improved; stents were placed 1, 0, 5, and 
0 mm (mean 1.5 _+ 1.19 mm) from the renal orifice. 
A thrombus was discovered on the balloon of the 
angioscope used to guide the placement of the stent 
in the sixth animal (5 mm from the renal orifice). This 
thrombus formed because of a delay in heparin 
administration and degraded the angioscopic view; 
this was believed to have impaired the precise 
alignment of the stent with the left renal orifice. No 
stents were positioned above a renal artery orifice or 
obstructed blood flow. 
DISCUSSION 
This study demonstrates that large-caliber a teries 
can be visualized in a live animal with a balloon 
angioscope passed from a peripheral arterial access 
site. In addition, vascular stents can be expeditiously 
and accurately placed in the aorta with angioscopic 
guidance. Direct angioscopic visualization could 
potentially facilitate other therapeutic endovascular 
procedures. 
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We encountered technical problems during this 
study. Thrombi developed in several of  the animals. 
The use of less thrombogenic materials in the 
manufacture of the balloon angioscope, in conjunc- 
tion with systemic anticoagulation during the proce- 
dure, should alleviate this problem. Cannulation of 
the carotid artery was required for this study, because 
the angioscope was too large to pass through a 
femoral arteriotomy. An axillary or femoral approach 
may be feasible with the development of  a lower 
profile balloon angioscope. Other potential compli- 
cations that may be encountered when attempting to 
instrument vessels with atheromatous or aneurysmal 
disease include balloon disruption, vascular dissec- 
tion or perf0rafion, and distal embolization. 
Further experimentation will be required to 
determine the efficacy of passing the angioscope 
retrograde against he direction o f  blood flow. We 
have been able to demonstrate he initial feasibility of  
this approach. The safety and feasibility of  perform- 
ing balloon angioscopy in large aneurysmal vessels 
remains to be demonstrate& An optical distortion 
"lensing effect" could be created by the balloon-fluid 
interface and merits investigation. 
The development of a method for making intra- 
vascular measurements with the angioscope would be 
useful in sizing endovascular g afts. 
With improvements in instrumentation a d tech- 
nique, large-vessel balloon angioscopy may find 
widespread application. In particular, itmay allow for 
intravascular measurements to be made and facilitate 
the guidance of endovascular g aft placement. 
We thank the Johnson: & Johnson Interventional 
Systems Co. for supplying the Palmaz stents for this study. 
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DISCUSSION 
Dr. Darwin Eton (Chicago, Ill.). The authors have 
examined the feasibility of angioscopic nspection of the 
endoluminal surface in large vessels with high flow. Their 
technique uses an angioscope positioned within a sheath 
with an external ballOOn 0cclusi0n system. The impetus for 
this research stems from their observation that a significant 
impediment to large-vessel ndovascular surgery is that a 
minimally invasive means of obtaining aclear view of the 
endoluminal natomy in high-flow vessels i  lacking. They 
expect hat the placement of endoluminal grafts will be 
facilitated by this device. 
As a surgeon who is investigating the placement of 
stent grafts, I am pleased to see the development of this 
technology and its carefial evaluation by the authors. 
For instance, with this technology, a solution to the prob- 
lem of stent struts crossing orifices becomes available. 
Angioscopy-guided snipping of the strut overlying that 
orifice is possible now. Additionally, because images of 
orificial disease of the aorta's branch vessels would be 
obtained with angioscopy, plaque debulking under an- 
gioscopic guidance becomes feasible. The endovascular 
treatment of renovascular hypertension and mesenteric 
ischemia caused by orificial disease may become more 
refined. 
I understand that the balloon does not occlude the 
flow, but is the clarity ofth e vision caused by the near arrest 
of the flow by that balloon? 
To measure the location of the renal artery orifice 
relative to the location of the implanted stents, you divided 
the aorta above the stent. Given that the arterial wall is 
elastic and will recoil slightly after being divided, what is 
the' error in your measurement? To harvest the aorta when 
a stent is not incorporated, as is the case in this acute model, 
one has to manipulate the aorta, which may slightly 
dislodge the stent. 
Positioning of a stent graft assembly in the human 
atherosclerotic aorta, taking into account aortic tortuosity 
and aneurysm neck configuration, requires precision. 
Errors of a few millimeters can have adverse consequences. 
Would you expect greater than the 3 mm error that you 
observed when extrapolating from your nonatherosclerotic 
model? 
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How do you account for the foreshortening ofthe stent 
that occurs during its radial expansion? 
The position of the proximal stent depends on the 
length of the infrarenal aorta, the length of the aneurysm, 
the length of the graft after it leaves the introducer sheath, 
the radius of the aorta, the foreshortening of the stent as it 
expands, and the foreshortening of the graft as it expands. 
This is a dynamic process requiring a lot of data that are 
obtained before operation, and the disadvantage of simply 
looking at the top is that you cannot see other landmarks 
external to the aorta. These dimensions are difficult to 
ascertain because of the tortuosity and surface topography 
seen with atherosclerosis. Becaus eall of these are important 
in proximal stent placement for endoluminal grafts, and 
millimeter precision is important, what advantage does 
angioscopy really offer over fluoroscopy in these determi- 
nations? Does that advantage justify the added risk of upper 
extremity catheterization required for the angioscopy? 
Although this device may be useful in inspecting the 
end result of the placement of an endoluminal graft, C-arm 
fluoroscopy perhaps coupled with intraluminal ultrasonog- 
raphy is often sufficient. Angioscopy would not be more 
helpful in estimating percent stenosis or the existence of a 
twist or a kink. However, if fluoroscopy identified that a 
stent is overlying an important orifice, angioscopy would 
help to identify and snip that strut of the stent bridging that 
orifice. This is potentially the greatest angioscope applica- 
tion in endoluminal graft deployment, perhaps permitting 
the routine deployment of the anchoring stent above the 
renal orifices when there is an insufficient proximal neck. 
Snipping an overlying strut or bending it away from the 
orifice should remove the concern for thrombosis. 
Dr. Gordon L. Hyde. The angioscope balloon is 
nearly occlusive at times, although it is generally deflated 
partially during movement of the scope. Care was taken to 
prevent displacement of the stent or foreshortening of the 
aorta during postmortem dissections, which were per- 
formed in an in situ fashion with minimal mobilization of 
the aorta. 
We are in the process of developing a method for 
making precise intravascular measurements with the bal- 
loon angioscope. This would greatly facilitate graft sizing 
and placement. One of my patients recently underwent 
placement of an EVT (Endovascular Technologies) endo- 
vascular aortic graft. I was impressed by the degree of 
difficulty involved in selecting the graft size, and in 
positioning the graft for deployment. This process took 
about 2'/2 hours. When the graft was ultimately placed, it 
was found to be too short and did not completely exclude 
the aneurysm, and the patient required a later open 
aneurysmorrhaphy. 
We believe that balloon angioscopy will be a compli- 
mentary modality to fluoroscopy for diagnostic and 
therapeutic endovascular p ocedures. 
